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SUMMARY

It was called to our attention that the partition coefficients which we
had previously reported for blphenyl and diphenyl oxide ( . . 4-20-71)
were widely at variance with values reported by others (1-5). Therefore,
the determination was repented on the xnme samples, using an improved
method dcslpncd to eliminate the major possible sources of error in our
earlier work. This method is believed to be equal or superior to some
published procedures. However, our experience indicates that for a compound
with a partition coefficient greater than 10,000, the coefficient determined
by ultraviolet spcctrophotomctry may be of dubious accuracy. Details of the
procedure arc given in the Experimental section. The results tabulated
below for biphcnyi and diphenyl oxide do not correspond to literature values,
and are not independent of concentration in octanol.

RESULTS

Partition Coefficient Initial cone, in
Sample No. Sample Name Octanol/Wator Octanol, nig/ml
333-2-102-1 Biphenyl (a) 186,000 20
333-2-102-1 Biphenyl 287,000 10
333-2-102-2 Diphenyl oxide (b) 58,000 20
333-2-102-2 Diphenyl oxide 67,000 10
333-2-102-3 . DowthcraV5 A 28,000 » 20
333-2-102-3 ̂  DowthernV5 A 20,000 10

TJECEIYED
Literature Values: (;>) 12,300 (8); 1445 (4). (b) 16,220(8)

3UN 81971

»rtr. 3 n«». 102 «T-

• •T- C, J. .Banes _ _____.. .___ w- ̂ Ga™es>

>'*f ml vul* *»w Jww*.» i

Iki^Jbil V~lm ARI 00007 "000002



June 4, 1971 -2-

In order to avoid errors due to chatr.;r:» in volume or solvent composition
of the phases, each solvent wns Initially saturated with the other solvent before
any solutions were prepared. 1-Ovtanol (Kaslman No. 871) saturated with
water was used for preparation of standard solutions in octanol, partitioning
runs, dilutions, and reference solvent. Distilled water saturated with 1 -aclanol
was used for preparation of aqueous standard fuhtions, partitioning runs, and
reference solvent when muling water solutions.

To eliminate error from possible absorption of sample compound on
the walls or cup liner of the partitioning bottle, the concentration of sample
in each phase was determined independently, using separate standardization
values derived for each solvent. S< ? Table 1.

The concentration of sample in the water phase after partitioning must
bo below its solubility limit. Comparison of our highest measured con-
centrations of biphcnyl and diphenyl oxide with reported (6, 7V maximum
solubilities of 7.5 and 20.8 ppm respectively, showed that we wove far below
the limits. Also, aqueous standard solutions at two different levels, with at
least one above any concentration found, yielded similar absorptivities.

* . *

' . The procedure used was as follows: A solution of the sample in octanol
was prepared, cither directly or by dilution from a more concentrated solution, ̂
in the bottle to be used for partitioning. An equal volume of water was added,
the bottle was tightly capped with a "Polyseal" cap, and shaken for 3 hours on
an Ebcrbach reciprocating tray shaker operating at 170 cycles per minute.
The bottle size was chosen to avoid excessive air space but allow good mixing
of the pluses. Bottles were shaken lengthwise on their sides, then placed
upright for a phase separation period of 16 hours to 2 days. The clear octanol
layer was always sampled first, using microliter syringes to give one-step
dilutions suitable lor ultraviolet absorption study in 1-cra cells. The water
layer (always slightly hazy even after 2 days) was carefully withdrawn by
volumetric pi pet and ccntrifugod to clarify it, then examined undiluted in 5-cm
and 10-cm cells by ultraviolet spectropholomelry. The concentration of
cample in each layer was calculated from the applicable absorptivity value,
which was an average from the two highest standard concentrations.

In the first set of partitioning runs, each sample was tested at three
concentrations in octanol: 2, 1 and 0.4 mg/'ml. The water layers showed no
detectable levels of the compounds, not even for the more sensitive biphcnyl

* in 10-cm cells. Another set was run at 10 and 20 mg/ml in octanol, and this
\ time measurable amount* of material showed up in the water layers. However,
j as the spectra in Figure 1 indicate, there may be something else in addition
! to the (xpcctcd compounds. Results arc summarized in Table 2.
I
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CALCULATIONS .

1 tutAfnH ^ ____ absorbancel. aiworpuvuy - * » 55 - light path, cm x cone, in g/1 or mg/ml

2. concentration,

S. Mttta cocmc..* . ~$££̂ Sfl

The wavelengths and absorptlvitics r.ctually used to calculate the con-
centrations reported in Table 2 were as follows (P « peak, Sh « shoulder,
SP i shoulder peak):

In Octanol . In Water
Sample nm a nm ^a_

Biphenyl ''249 P 111 248 P 110
Diphenyl oxide 225 Sh 60.3 268 P 9 . .
Dowthcrm^A 234 SP 54.5 234 Sh 43.5 . •

REFERENCES
; 1. C. Hansch, etal., J. Am. Chem. Soc. 85, 2817 (1963).
» """*

2. C. Hansch and T. Fujita, J. Am. Chcm. Soc. 86, 1616 (1964).

i i 3. T. Fujita, J. Iwasa, and C. Hansch, J. Am. Chem. Soc. 85, 5175 (1964).

| 4. X. Rogers and A, Cammarata, J. Med. Chem. 12, 692 (1969).

5. K. S. Rogers, Proc. Soc. Exptl. Biol. Med. 130, 1140 (1969).

6. R. L. Bohen and W. F. Oaussen, J. Am. Chcm. Soc. 73, 1571 (1951).

8. C. Church, "unpublished analysis'*. ...!

......&RI 00009



Juno 4, --4-

1, Standardizations for Ultraviolet Analysis

, . fa O r f a g o h i ^ -saturated Octanol . —— — —— jgTcm J.

;0.00 234 0.543
5.00
2.00

' l i

234 0.273 £••
234 0.107 53.5

' \

. «,,, •—«-»——"-— âontoeffldcnt.

MBihenyl ^ 2.01 Not detected
Biphenyl 2.00 w Not detected
Bijhcnyl J-J° 0.405 Not detected
Biphcnyl - °-« 0 O.oo034
Diphenyl orfdc 20.00 . . Jt-J 0.00015
iphenyl oxide IJg !.90 Not detected

2-g 0.98 Hot detectedw -
»« -

• Values rounded to nearest thousand
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PARTITION COEFFICIENTS OF BIPI1ENYL AND NAPHTHALENE M1STWF.EN

*. 1-OCTAKOL AND WATER

Wide discrepancy between the log P values for biphcnyl
reported by Hansch and those by Garner (AL 25-731) have
been shown to be caused by volatilization of biphcnyl from
the separated aqueous layer before analysis by the latter
chemist. «•

Analysis by a corrected technique gave log P for
biphcnyl » 4.17 ±0.03, corroborating Hansch (4.10), and
log P for naphthalene • 3.59 ±0.05.
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PART1TION COKFriCl&NTS OF UIPliENYL AND NAPHTHALENE
BETWEEN 1-OCTAKOL ANU WATER

EXPERIMENTAL

Reagents

The biphcnyl used was Eastman ACS grade 99.8'.< pure by differential
•canning calorimetry; the naplitlutlcnc was crystallized 3 time* from 957
ethanoltMP 79.6-80.1'C. The octanol used ivas E:*tman *871 saturated
with water. The water used was saturated with oclunul. The mclluuuil
was Burdick and Jackson distilled grade.

Apparatus

International Centrifuge model SBV equipped with a multispccd attachment
capable of operation up to 20,000 rpm. Gary recording spoctroijliototnctor
model 14. • .

Procedure

Solutions of the sample in octanol were prepared by accurately weighing
the samples into 25-ml volumetric flasks and making to volume with octaiio!;
the solutions had concentrations of 20.00 and 30.00 mg/iul.

Partitioning was done by adding 200 ml of water and 20.0 ml of sample
solution to 8-02. french square narrow-mouth bottler which wore previously
cleaned and dried. The bottles were closed with polyscal caps ami shaken
from 4-0 hours on a Ebcrbach reciprocating tray shaker operating at about
150 cycles per minute. Bottle* were shaken lengthwise on their sldos,thcn
placed upright for 2 to 10 days to allow the phases to separate.

The clear octanol layer was carefully removed by means of pi pot and
medicine dropper and transferred to a small buttlu fur mibwquenl analysis.
The analysis of the organic layer was performed by removing a 20- to 50- p]
aliquot using a 50-yl syringe ard transferring the aliquot to a JOO-ml
volumetric '.flask. The flask ras made to volume with nicthanol and the
absorbancc of the solution determined at the absorption ix>:ih in 1-eiu quart?.
cells. Standard solutions wen* prepared in the *umc manwr tuilir-. tkf> s.imo
syringe and thn unpartilioncd iwiUon of the oct;inol s:tniplc iw^luii«iM. Tin-
nbsorpUvity of the stmxlard biphcnyl in octano! solution wan 111 ml 'in-,: Vn.
at 247 urn.- The value for the ut'.'.nrturd naj>hth,*.lcitv fit octanol was <?. 2 J .3
at 274 nm.

RR.1°.0?H.,,DJ)OQ.Q3.
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Allquots of the cloudy aqueous layer were carefully removed by means
of a. volumetric pipct. The tip of the pipst was covered with \vet cotton to
repel any of the octanol layer which may still be present. The aliquot a
were then centrifû ed for various times. Glass tubes were ut<cd at 1500 rpm
and stainless steel tubes at 10,000 rpm. The ccntrifuged liquid was then
carefully transferred to a 1, 2.5 or 5-cn. cell nnd the absorbance recorded
from 230 to 350 nm. The concentration of sairple in the water was then
determined from its absorption peak at 248 or 27G nm. Standard solutions
of sample in rater were prepared by dissolving an accurately weighed
(microbalance) portion of sample in 25 ml of motunnol followed by dilution
to one liter volume in water. The abmrptivity of the standard biphcnyl in
water was 107 ±1 ml/mg/cm at 248 nm (average of three trials); the value
for naphthalene in water was 36.6 at 276 nm (one tri:il). •

The partition coefficients were calculated in the usual manner. The
concentration of sample in the organic layer was divided by the concentration
of sample in the aqueous layer. The results are summarized in Table 1.
The organic layer analyzed the same before and after the partitioning (30.0
and 40.0 mg/ml).

DISCUSSION

The aqueous layer was centrifuged in the absence of the organic layer
except for the four trials Hstcii in the table. Apparently a loss of sample docs
occur under these conditions despite the fact that the concentration of sample
in the water is well below the solubility concentration. The experimental
plan was to centrifuge for 15-minute intervals until the concentration leveled
off at a constant value. As can be seen from the table, this result was never
achieved and it appears that the concentration would eventually reach 0 if the
solutions were centrifuged long enough. In every case the ccntrifugod
solutions were crystal clear, or at worst, very slightly hazy to the eye.
From the results listed in Table 1 it appears that the previously reported
work of Garner (1) is in error, his high values being obtained by volatilization
of biphcnyl from the water layer. The value from the present work (based on
analyses of aqueous layer at earliest clarification) corroborate the Hanscli
data.

cpj.. ' logP_____
found TKoraluro

Biphenyl 4.17 ±0.03 4.10(2)
Naphthalene' 3.59 ±0.05 3.37(4)

I : j L i u ^ i - i •.•.!'•.."i. ..i i m.ii..!Kti.——?
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Tablei . .

Initial Cone.
Octanol Layer
mg/ml Treatment of Aqueous Layer log P

Biphenyl 30.0 filtered, not centrifuged Cw,y) 4.044
Biphenyl 30.0 15 min. at 1500 rpm (clear) 4.204*
Biphenyl 30.0 30 min. si 1500 rpm (clear) 4.262
Biphcnyl 30.0 45 min. at 1500 rpm (clear) 4.543
Biphenyl 30.0 5 min. at 10,000 rpm (clear) 4.237
Biphenyl 30.0 10 min. at 10,000 rpm (clear) 4.319
Biphenyl 30.0 15 min. at 10,000 rpm (clear 4.413
Biphenyl 30.6 10 min. at 10,000 rpm'with organic layer 4.157*

Biphenyl 40.0 . filtered, not centrifuged (hazy) 4.052
Biphenyl 40.0 15 min. at 1500 rpm (clear) 4.150*
Biphenyl 40.0 30 min. at 1500 rpm (clear) 4.242
Biphenyl 40.0 45 min. at 1500 rpm (clear) 4.352
Biphenyl . 40.0 5 min. at 10,000 rpm (clear) 4.256
Biphenyl 40.0 10 min. at 10,000 rpm (clear) . 4.387
Biphenyl 40.0. '. 15 mia. at 10,000 rpm (clear) 4.485
Biphcnyl 40.0 10 min. at 10,OuO rpm with organic layer 4.171*
Biphenyl 40.0 45. min. sample after standing 5 days 5.377

Naphthalene 30.0 5 min. at 10,000 rpm (clear) 3.578*
Naphthalene 30.0 10 min. at 10,000 rpm (clear) 3.714
Naphthalene 30.0 15 min. at 10,000 rpm (clear) 3.888
Naphthalene 30.0 10 mtn. at 10,000 rpm with organic layer 3.565*

Naphthalene 40.0 5 rain, si 10,000 rpra (clear) 3.037*
Naphthalene 40.0 10 min. at 10,000 rpm (clear) 3.731
Naphthalene 40.0 . 15 min. si 10,000 rpm (clear) 3.940
Naphthalene 40.0 10 min. si 10,000 rpm with organic layer 3.591*

* Values averaged to obtain reported log P.

,' ' i-•-,.•• •• ••/•...-.•-•:• .•'.••'—•:•• •••• 000005
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-| . . . -Where K • the quantity in square brackets in 10 divided

'*" • ' • 'Equation 11 is a simplified scheme to describe the "'•"•..-•.""
• • ' . • ' • concentration profile of a chemical C as it moves down a. river
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, ce as-a part t""t*o
-J between octanol and water of 35000s wh'ich is. ."shMe 'times the value

';'- . of DOWTHERM A1, a value for.k^Aj-of 20 will- be." used.- Assuming a j "
. half-life of about .10 days for the metabolism, and clearance •->:••
'• of DOtVTHERM A gives-.a value or -k,. of 3 x 10"3-.hf."l.-
•considerably faster.,-. '»'-. .•''.;.-;'...•;-'...•••.•-'.';?';.• .'.It could be
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. _ ... ...,_ V.J.J.UUB p.arane.*rs can be varied and the
'•_. ' •••. influence of such variations can be seen or. the calculated distance
•"̂ /'"". required cc decrease tho concentration by one half. A few'variations
. -I'-" on this half-life are shown "in Tafaie;-lll. A few observations may

;•-.':-...•'•"•.>.. bir nvade frcn this exercise.'.-.' •' . • . . . . ' • ' . , ' . .
'• /:. '."'••'•.•.'•'';'' •• • ' •.'..'•'.'•' :. •'....• • • ''' " . . .
• «'*.i:>.'*. ••'.'•• !•' Loss due to biomass'is insignificant compared to IOSF •
;\v:?V:«'via soil and volatility. ' •.';'*'.''. ' -. . ; ' . • • ' ' . ' ' . ' . ' •/• ?..;•.."•/. '—' .-- • • • .-. . • •/'• IV'" •".'-"-• • . • • • - • . .
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.I? >.•„.;.-. • -.;'.;2. Loss by .volatility-'nay be moro-important' than this
'...•• .-i.; .analysis indicates. The reason for •• this statement is that the' ' * ̂ ^ . • *. • '

•• v ' -above model assumes-ah unagitated surface which is not realistic.'••/.•'•—• . -.* - • • • * . . * * • -•
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c •' '

B cs:..;-"̂ -:''I-/". . -. .
.; Where C • Cone, o'f chemical in water

' i •. ~. .. ..•/. ¥ ,;•: ' • CS « Soil chemical absorption .
'V: *'.-'.* ''-:.t|,vv̂ . CB • Chemical bacteria absorption

. H**-̂ - ...,' •••••-"*:&• W-. '.-•••••'• :..--•••

'lead to
for the .. f • .,------—— .«*««»« ,os cnesacal back'; iato tne water.* A ':.' i'f'j!

'''":..''. ' :-^ •.:question that n*eds investigating is:';;When the chemical is . ylcF-.'
jf"'v" ''.-'.'adsorbed to the soil is'-.'it subject to mierofaial degradation? *-.:.-':••
•':.'" . .•..£££.. •'-..- .-.:•>. • • • - . :.. -I :. .:-• . , - . . • '.-.•j:--••{.;•• . -.V.i;s: • - . • ' • • -• •••"'• • • ./ .-'V. v • •:•••>• ...- ~-:
•; ;.-J...; •. . . _ '• • •,';/• '•••• .. •-';. ".•..•*• ' '..'•.

''•'.:: ;•• • ''. .' ' '*' • REFERENCES' :-".- '•"'•:'.;.•• .•• .••'.:.•':'- ' \ • V.;-*«' • * * • ' • ~~—~«̂ — .._ ,••.... • ,.. ... " - -.1 -
.%.' - • " ' ' "•• * ''" - - "r;: '•' '•'•'• '•••'• • ' • ' ' •
"lV^ W. n. Neely, :..'"•. ' '•""•.
2...J. W. Kno?/ W. H.'Riley, F. L. fieman, K. J. BobaleJc, Dow .

i«>' * ... i, ..".••;. . . . . • - :
3.';- J. K. K.-.op, P.rBo.̂ al co.r.-nur.ication, daca will appear in a

••Sew Report. • : . .
4. J, K. Hama/ivr, Oct. 1571 .'.
5. T. K. holmsen, Ag-Organic De?«rt.-n.nc, Personal communication. ""
6. S. C. Kendcigh, "Animal Ecology" Pre.-.ice Hall, Inc., 1961.
7.-- 'G. K. Smith, -Personal communication. ' • •
€. Determined by the Dow Analytical Laboratory. •
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PREPARATION* OF TEST .MATERIAL

The test samples of DOUTHERM A heat transfer fluid were

supplied by FPfcS-TS&D, 2020 Building.

The two samples came from Lot IMM06076. One represented

new DOWTHERM A heat transfer fluid as sold and the other

the same lot number after 8 weeks of thermal degradation

at 399*F. A forced circulation test unit at 680 Building

was used in preparing the degraded sample, which had the

following characteristics:

1. By modified AS^M (distillation) method4 - 10% (vol/vol)
high boilers

2. GC-Flame loniration /GC-Mass Speer7cmstry

Weight I

35.7 DOWTHERM A

12.«? GC-RftCOvorabl« Degradation Products

1.4

100.0

From an analysis of the mass spectral data, the following

structures have b€«n proposed for the GC-rocov*rabl« degra-

dation productsi

-r.h hollor"!" whirh » - -/-r ' • ••-.» / • < • . , - UUO4
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Isomers of this type:

biphenyl phenyl ethers <*•

diphenoxy biphenyls «• ) 11.1%

ter- and quater-phenyls

2-phenyidiphenyl ether

triphenylzne thane

benzene

phenol

dlbenzofuran

1,2-diphenylben:ene

1.8%

112.9%

The degraded DOWTHERM A heat transfer fluid is believed to

represent material from & typii.** .usturner's operation* but

without contamination derived from chemicals other than
%

DOWTHERM A. ;

METHODS

The static water acutt toxicity tests followed the test methods

described in the U.S. EPA publication, "Methods for Acute Toxi-
Tests with Fish, Macroinvertebrates, and Amphibians"7.

ARI.00035
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Fathead Minnow Toxicity Test

Fathead minnows (Piiaephales prone las Rafinesque) were accli-

matcu at 12*C to laboratory conditions for at least 10 days

prior to use. They were held in a 16-hour light/8-hour
P

dark cycle. A synthetic diet was used to feed all fish

during the acclimation period. Fish were not fed during the

test. Test fish were placed in the bioassay vessel 24 hours

prior to addition of the test compound.

Tests were conducted by placing 8 liters of carbon filtered

Lake Huron water in each of 10 vessels, (8 treatment, 1 sol

vent control, and 1 untreated control), 22 cm deep x 24.5

era diameter round glass aquaria, adding fish, then aerating.

Stock solutions of the test compounds were prepared in ace-

tone. The maximum amount of acetone added to any aquaria

did not exceed O.S mL per liter of Lake Huron water. Before

addition of the test compound, aeration was stopped and the

test chemical added, followed by C liters of water for mixing,

making a total volume of 10L. A refrigerated water bath main-

tained the temperature at 12*C + 1'C. Ten fish were exposed

to each concentration of compound. The fish were observed

daily and dead fish removed.

ARI00036



Daphnia Toxicity Test

j*he acute invertebrate toxicity tesc consisted of exposing

daphnids, Daphnia magna Straus, reared in our laboratory to

various concentrations of the material :.n carbon filtered

Lake Huron water at a temperature of 20'C + 1*C for 4tt

hours, with a 16-hour light/8-hour dark cycJ *.

Stock solutions of the test compounds were prepared using

acetone as a carrier solvent. The required amount of stock

solution was combined with sufficient carbcn filtered Lake

Huron water to make a final volume of 200 rnL in each 250 mL

test beaker. A water control was set using carbon filtered *

ike Huron water. Because acetone was used in the stock

solutions, solvent controls wero set containing the greatest

amount of solvent used in any toxicant concentration. The

amount of acetone was limited so that its concentration did

not exceed 0.5 mL/L.

Ten first instar daphnids wero added to each beaker and the

beakers set in a 20'C constant temperature incubator with

a 16-hour light/8-hour dark cycle. Three beakers were used
for each concentration and each control. Mortality data WAS

recorded at 24 and 48 hours. Death was defined as no response

gentle prodding. Dead daphnids were not removed during

ARI00037



Statistical Calculations

For each sot of mortality data, the LC values and their

confidence intervals are given. The LClO-50-90 are the esti-

mated concentrations of the test substance at which 10, 50,

or 90% of the test organisms are dead at -t specified time

interval. The LC values were calculated using Finney's method
Qof probit analyses with a computer program.

RESULTS AMD DISCUSSION

Two tests were run on undegraded DOWTHERM A heat transfer

fluid before data was obtained which fie Finney's probit

analysis program. The second test covered a narrower

range of concentrations than the first. The fathead minnow

LC data for degraded and undegraded, run '2, DOWTHERM A

heat transfer fluid are presented in T.iblos 1 and XI, re-

spectively. The 96-hour LC50 vaiuas for fathead minnows

were 7.1 mg/L (6.3-8.0) and 9.6 .r.g. L (9.3-17.6) for degraded

and undegraded DOWTHERM A heat transfer fluid, respectively.

The 96-hour LC50 values are significantly different, p • 0.05.

The thermally degraded material is slightly more toxic to

fathead minnows than its undegraded counterpart. Major
distress symptoms noted during the t*4t were a loss of body

equilibrium (fish swimming disoriented) and molanization

(darkened body color).
ARI00038



The daphnid toxicity test* were run three times because

ciortalif' of the control organisms exceeded 10% in the first

two tests. Tables III and IV present the daphnid LC data

for degraded and undegraded DOWTHERM A heat transfer fluid.

The 48-hour LC values for daphnids wtire 1.27 mg/L (0.64-1.82)

and 0.72 mg/L (0.26-1.05) for degraded and undegraded DOWTHERM

heat transfer fluid, respectively. The 48-hour LCSO values

are not significantly different, p • 0.05.

Dennis C. Dill
Research Biologist

APPROVED BYI

Howard C. Alexander
Aquatic Biologist Specialist
Environmental Sciences Research
Health & Environmental Sciences
Dow Chemical U.S.A./ 1702 Building
Midland, MI 48640 U.S.A.
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DETERMINATION OF UPTAKE AND CLEARANCE RATES OF
'^C-DIPHENYL IN RAINBOW TROUT BY RADIOTRACER TECHNIQUES

INTRODUCTION

A radiotracer study to obtain bioconcentration data for
diphenyl in fish was initiated as a joint project between
J. S. Drosier of Waste Control and the Analytical Labor-
atory in order to evaluate potential environmental
problems caused by Dowtherm A (eutectic mixture of diphenyl
and diphenyloxide). Previously, Dean Branson of Waste
Control had completed the diphenyloxide part of the study,
using J*C-diphenyl oxide as a radiotracer.

Using similar radiotracer techniques, with '"C-diphenyl as
the radiotracer, bioconccntration data were obtained for
diphenyl.

In experiments usinjr a radiotracer, the purity a'nd valid-
ity of the tracer plays an important part. The J ''C-diphenyl,
Lot no. 5109:10 f-2, was synthesized ?•; Marlene Wass of
Ag-Organic Research. This tracer had a specific activity
of 3.937 mCi/mmole. Since it had been stored in benzene
solution /or one year, its purity was redeterrojned by thin-
layer chromatography and liquid scintillation counting by
M. Wass. Two solvent systems, hexane and carbon totra-
ehloride, on silica gel 254F plates showed the radiopurity
of diphenyl-l*C was 98.7%. Analytical data were also
obtained on a standard sample of unlabelled diphenyl re-
ceived from the Halogens Research Laboratory. Thin-layor
chromatography in the same solvent systems showed onJy one
UV detectable spot. An infra red scan by R. A. Nyquist
(AL 62-213) and gas chromat.ographic analysis by Tom Peters
showed no obvious impurities in the unlabolled diphony],

EXPERIMENTAL

Preparation of the Tracer

The ^C-diphenyl at a sp. act. of 3.937 mCi/mmolc was re-
ceived in a benzene solution with a concentration of 13.708
mg/50 ml. 39.4 ml of the solution (10.80 mg diphenyl) was
placed in a flask and mixed with 12.04 ms of unlabelled
diphenyl. A Rinco evaporator was used to remove the benzene;
95.8* of the radioactivity was found in the flask and 1.6%
was found in the trap to the vacuum line. The specific
activity of the carrier diluted radiotrueor was dotorminod
by liquid scintillation counting to ho 2.68 x 101* dpm/uf?.

ARIOOOU2
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An acetone solution (100 •!) containing 218.7 tig of diphenyl-
l*C per »1 vac prepared frcxt the diluted radiotracer. Another
dilution with acetone was Bade to obtain a l'•C-diphenyl
concentration of 4.66 yg/ol.

Fish Exposure and Clearance by J. S. Brosler of Waste Control

A continuously metering, diluter system vac used by Sam Brosier
of Waste Control to naintain the concentration of »l|C-diphenyl
in the exposure tanks. A liter of the acetone solution of
1*C-diphenyl (4.66 wg/ml) was added to the aetering reservoir.

A thousand-fold water dilution by the diluter gave an exposure
level of 10 ppb in the first exposure tank. A subsequent 10-fold
dilution gave an exposure level of 1 ppb in the second exposure
tank. Thus exposure levels of 10 ppb and 1 ppb could be main-
tained simultaneously. This equipment is described in the report
on 14*C-diphenyloxide.

Forty fish were exposed at 1 ppb, another 40 at 10 ppb, and .
4 were kept as unexposed controls. Four fish were removed
froti each tank at 6 hr, 12 hr, 24 hr, 48 hr, 96 hr. Water was
also sampled at these times.

The fish were filleted and separated into flesh and remainders,
and frozen until they could be radioassayed. The water was
sampled by pipetting 5 ml aliquots directly into 15 ml of
Bray's scintillator. These counting samples were stored in
a refrigerator until radioassayed.

After 96 hr of exposure, the fish were cleared in continuously
changing fresh water. At clearing times of 6 hr, 12 hr, 24 hr,
48 hr, and 96 hr, 4 fish were removed from each tank. The
clearance water was not sampled.

Radioassay of the Water

The Ĉ-diphenyl was determined by direct counting of the S ml
water aliquots by liquid scintillation counting in a Packard
TriCarb 3324 liquid scintillation spectrometer.

Radioassay' of the Fish

All fish flesh and remainders were homogenized in a Virtus
grinder. All the fish samples except the uptake flesh samples
were combusted in a Harvey Oxidizer. Duplicate aliquots of
100 to 200 mg were combusted. The lkCQj formed was trapped in

ARIOOOW
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'an ethanolamine/2-metboxyethanol (70/30) solution, mixed with
a premised toluene-xylene liquid scintaillation fluor (Econo
flor), and counted in a Packard Tri-Carb liquid scintillation
spectrometer, model 3380. The uniformity in quenching of the
samples allowed us to correct for the quenching by a representa-
tive standards technique. The combustion efficiency was
obtained by directly counting and combusting aliquots of a
standard solution of diphenyl-C*% in acetone-water. An average
combustion efficiency of 78.51 was found for the diphenyl. The
tig of diphenyl-1%C in the fish were calculated from the radio-
activity found and the specific activity of the diphenyl-l%C.

The uptake flesh samples (100 to 200 mg) were solubilized in
2 ml of Soluene-100 by shaking the samples overnight at room
temperature. The solubilized sample* were mixsd with toluene-
ethanol liquid scintillation counting fluid and counted with
a Packard Tri-Carb liquid scintillation spectrometer model
3380. An external source channels ratio method was used to
correct for quenching in the samples. The pg of 1%C-diphenyl
was calculated from its sp. activity.

The ppei diphenyl-l *C in whole fish was calculated from the
eights of flesh and remainders, and their respective radioassays.

RESULTS

All analytical data on fish and water are tabulated in Table 1,
2, 3, and 4. The uptake and clearance data at 1 ppb exposure
is plotted in Figure 1. The data at 10 ppb exposure are
plotted in Figure 2. The composite uptake and clearance profile
for diphenyl is plotted in Figure 3. The diphenyl concentration
in the water, Ĉ f is the accumulated exposure level at any
given uptake H«* and was calculated from the actual concentration
found.
From the data in Figure 3, the clearance half -life for diphenyl,
t, /-, equals 64 hr. The bioconcentration factor, DCT, equals
1900 Tnc model appears to be a one compartment model. The
calculations are on the following page.

AUTHORS
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I. 0.505 x 10*

Clearance - 160-96 - 64 hr
- .693/64 - 0.0108 hr

C.-k, C,

C£/C,r - y

dcf -

. (0.10-.00)10» ̂  o.0108(0. 10) (10J) - (0.021)10*

BCF - k./k. - '°?15?g?> - 1900B C F - JC!/X2 • — A f « 1900

ki - 21 hr"1
k2 - 0.0108 hr"1
BCF - 1900

Note: The approximation here is that the tangent to the
curve at the first data point is coincident with
the straight line froa the origin to that point.
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î
*
I
b
1

i
b
1r

H-
H
•**

?
»
^
a

9

1

f<
•i"
/

g !
i iM 't

°«
M O ,
* 3*. H - *
H
0)
H

3

i
s
§



t— > Sf\
to

•
M M M M
09 09 09 09
•» %l Ok UI

U> 0k o *

-

O OOOMMO 0
MM* ur MM* Ui
|tO«BO-sJM*a0lO

• 0 0 M 0
IKJ UI M *

t""S
1**1 ^BI M MŴ  ,° F
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DOW CHEMICAL COM*»>^I-*Y

tnt
.

M 1 CAM
• I O L A M D. «""-«• ....... r~rr

B iology Research

.'•< '.V ''•'•: .
'"* » ••'•

^̂ -̂  fi-J~f?4*>

. .-
Dec.' 10, 1971

DOWTHERM"' A and the Environment D-
*Aiiv( luimr" .'Tf

REVIEWED BY '

Based on the known properties of DOWTHERM A and & use pattern.

i

an analysis of the potential impact of this heat exchange fluid
on the environment was made. The results would indicate that its
present use will tolerate a slow leak (25 Ibs/day) into a stream
which has a minimum flow rate of approximately 200 cubic feet/
second. Fail safe conditions should be installed at the site to
prevent accidental spills of large quantities' into the stream.

* • -

Characteristics of this product including biodegradability and a
sufficiently low partition-coefficient to preclude bioaccumulation
suggest that it is a safe ecological material when used appro-
priately. The ecological hazard that may be incurred with DOW-'
THERM A appears to be much smaller than that incurred with poly-
chlorinated biphenyls. In-view of 'these findings and a demand

a replacement for the PCBs we recommend that the following '
be undertaken. . ;:--ii-si".. . .':i;-~
Establish the movement of .this material in the environment .

.--̂ perimentally. •-•*•-.•' .-VT».
lyKr̂ - • • • - - . - • . .

Study the metabolism and accumulation pattern of DOWTHERM A.
aquatic speices and cotnpare.it with PCB. . .-..•?..-1--. .-̂ 3

''Farther recommendations are made in the report. """".*".•.!'•' ."

I S f U E D T 0
A T I f N T l U M r ' O C H * g l > l f « T I * T T t M t I U H
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DOWTHERM A AND THE ENVIRONMENT

INTRODUCTION

.
DOWTHERM" A, a eutectic mixture of diphenyl (DP) and di-

phenyl oxide (DPO), is an industrial heat transfer agent. Cu
rently, there is considerable pressure to discontinue the use
the principal competitor, the polychlorinated biphenyls (PCDs
Because the use of PCBs is under fire1 questions concernina t
environmental hazards that may be incurred with the use ô b̂
THERM A are being asked. The purposes of this report are as
follows: 1. to develop a model which may aid in integrating
data and predicting the environmental hazard, 2. to sumraariz
the available data relevant to answering these questions, and
3. to suggest additional studies which are needed to support
continued use of DOWTHERM A.
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questions were of two:type«_..-̂ l).:̂ what is the effect of
F«-shock load ton a river? 'This'may occur .when several thousand '.;>
'gallons are accidentally dumped, into a '.river'". 2) the 'second>""\:
question concerns the environmental inpact̂ of a slow l«afc into
* river. -:"' • ""•-•''*';•-"•;' • -̂"vs-'-•'•* :''̂.%-k-~.î-V" '":. \'~ ~ *'• .".v ••^.•:-"- '-''

In analyzing the clow leafc problem, further, the following
• : '"'•" • • • • . - . • •

picture emerges. A typical system uses ̂90, 000 pounds. ' The loss
" "

from such* a system as indicated by/ the make ̂ up -sold, to a. customer
•- - "

.-Vv/obviously, the magnitude of any-̂ hronic'̂ robleaa will-be-^intimately
'••'. .. • •• ,„.••._,*•-̂ . .. .••,'̂<u»<f£;̂Y.-.•.•:••;.:'. '-'='' •••' •-•*->'t"<'-' --.:.-

'"'.' Once DOWTHERM A enters the stream'partitioning between'the
. ' three major sinks; air, water, and eoil'̂ talces place.; A useful ;
. "model to describe the fate of/a ch«nicai;is shown in the following

"< :._.- AT.̂ -̂̂ i . __ . ^

.*•»- equation (1)

ARI0005U



Exchangeable
Air Compartments

> Air Sink

f
(1

Water Sink <————Water < > Soil———^Soil Sink

Exchangeable Exchangeable
Water Water

Compartments Compartments

In this equation, it is assumed that exchange and equilibra-
tions of an agent occurs between three major compartments shown
at the vertices of the triangle—air, water, and soil. The chemi-
cal may exit these compartments by physical or chemical deactiva-
tion. This is represented by a one-way arrow from the major com-
partments into a sink. Of course, it should be recognized that
the single sink indicated in Equation 1 for deactivation may re-_
present multiple methods for deactivation. The exchangeable <
partments in air, water, and soil represent exchanges between
different components within the major compartments. For example,
exchanges between different types of soil, exchanges between par-
ticles suspended in either air or water. These exchangeable com-
partments may be and are very likely to be numerous.

The next section will collect together the known properties
of DOWTHERM A which will be matched to this model. This will
allow an evaluation of the need for additional data.

III. SUMMARY OF AVAILABLE DATA

A. Chemical and Physical Properties

DCWTHERM A is a eutectic mixture of diphenyl (26-27%) and
phenyl oxide (73-74y>). The hand sheets prepared by the Thermal
Laboratory provide the following information for these compounds.

ARIOQ055
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.:;*̂  tifnfortuhatelyiT the ̂  authors did not. indicate* the"" ehvironmerrt
:̂ -̂r"-:'̂ -!V̂ -lv".-:-̂ ' '--- ' •-••••'. . ̂;':""̂ -'-'̂ i-:-̂  •:?•• --̂ ':̂  _'••»: '•
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''••*£$>**'.' Mammalian Toxicitv and Metabolism.̂ The single do sV or ml''•;;..'
toxicity' of DOWTHERM AJis low. All rats givenr6 g/kg-died; while £>??•
none of the rat si given* 2 g/kg died.? ; The ctfflmulativej.toxicitŷ •̂••'._•''••'•
~'~ " to' be low because rats survived 132'daily doses-of:-!l'g/kg ;,..;t

Slight to moderate changes were obseryed.;in''the>histological;.1
structure of. the kidneys,.- livers,rand spleens'-of" rjatĴ giyen:.iL:̂

' "'* - ' ' "Ŵ '- .-. ••<:̂ «&\ŷ 7-̂ ?̂:.*;,̂ ^̂ sK

within 4;days following
that DOWTHERM A is

T.̂ . .- It should be emphasized that neither';.t he]-toxicology - studies .̂
the metabolism study can be-used a« definitive ̂ l̂ et»cê hat'̂ .f̂ .i

."DP-pr DPO does not accumulate in; fat. :DDT̂ ĥ«s:-«ariow 'order'. ot'.* :-''Zi£%\
. accumulative toxicity. and approximatelŷ 70%{ofxan;:administered; dose
;:: is eliminated within'-a few days/; 'The pprtion-::of; .'DOT; which;-.is re- :- ,
tained is located primarily in • the. f at̂ r̂ î îs": excreted; slowly/̂ ' None

•- -'of. the reported metabolism studies of DOWTHERM;Avinciude-a material
.;" 'balance-evaluation.tr-Therefore,Vthe.36-40^twhichTha« not been^ac--; V
V../-̂ counted for in existing studies'may b̂ >iocated. irî thê ^ fet'pr-^ther

3," .'Biolooieal Oxygen Demand (BODV'and'Carbon Oxygen Demand•• •••=?'.;--' • ————————.. o ——————————:———^T"————————*•——————— •
:>? (COD) of DOWTHERM A.,..'- In considering .theVenvironmental hazard of
: .- ——— ——————————'.—— '••'•'• ' • - . - . - ..-ar>>>.'i...:;•••-. •:: .. -
•;•> DOWTHERM A, it is important to determine/whether" it is degradable• - - • • . ... • • .^ • . • _»>»-.«>'..•.'•. • .

n. the environment..1- Data supporting the"dec.radabi.lity of DOWTHERM
in the environment are as follows: .' li.'̂  The BOD for diphenyl

after S, 10, and 20 days incubation were 6.OS, 2.13, and 2.33 re-
spectively. Theoretically, the BOD for'this compound would be 3.01

AR100058



•-.•••'"'v'7-: V.'~ ' • ." '."•»" " *•' . ' • • ' - .
.. 2. 'The BOD for diphenyl oxide at the aesas. time intervals were ?.00
'2,01, and 2.16 respectively. Theoretically, the BOD;for.diphenyl
oxide would be* 2.64. -"3. The COD for diphenyl ox .de after 10 day

:. .of .incubation "as 2.19 while the theoretical COD is 2.64.

.'•;.'. The BOD-values for diphenyl and diphenyl oxide and the COD
„ valxie for diphenyl oxide suggest that these compounds are sus-
ceptible to oxidation (degradation) by bacteria and by dichromate.
In the case of diphenyl the low value after 5 days of incubc-tion
ar>dj a subsequent: high value after 10 days suggests'that bacteria

:'. ca«y be induced to more-efficiently oxidize diphenyl.' .':.".... 7j .

•v~<: •-/"£> 4. ".' Screening patayv-vr Screening deta indicate, the' DP. and DPO .'*̂ f̂ .$;.'-r*;!'\*\--———————rr'-.̂ -iL? •- -••'•-.••,.- ... -v.-;.;...-.- .-.-•••̂ •'.j/.,. ...-. •
"^ have, either no or minimal;1 activity on a.variety of "plant and in-'
. ̂ • sect • species/.' A saturated" solution pi: DP or 'DPO, inhibits, the
-" growth off some species of 'bacteria-—S.: aureus, ' A. niger, and A. '.":

• V- 5,' Other Data for Asses sing.-the Fate of DOWTHERM A in the
, » *"«*̂ »«""̂ î ŵw»«̂ "i*'""*""'̂ "̂ ^̂ "̂"̂ «̂ "̂̂ *̂ *"̂ ^̂ ™'̂ ~1̂ *̂ *"**̂ "*̂ "̂ "̂ """*̂ "«̂ ""ii"̂ "*"w«̂ "«»̂ ««̂ B̂ «.«.**— ~*m̂ ^̂ -̂ *̂̂ ^̂ *̂̂ ^̂ t̂-~~î ~~-**̂ e~~ - IB«>Ŵ V—«>̂ «̂HIW

Environment. The following information characterizing tho bio—
'-•'•• "10 - > • • • • • • • •

degradability of DOWTHERM A hai, been reported: .-•.-?•-v'••_"' ' - ••••-.•
"..''•-"'.!. Twenty-eight days after preparing a system '(closed to the
-air) containing 10 pprn DOWTHERM A and nonsterile Kawkawlin loamy
soil, 0.2% of the diphenyl and 23^ of the. diphenyl oxide remained.
In this case, it appears that diphenyl was taore susceptible to
degradation. Since only 68% and 57% of the diphenyl oxide and
diphenyl were recoverable immediately following mixing, it appears
that these agents are tenaciously bound to components of the soil.

2. No DOWTHERM A was recov«r«d aft«r 66 hours of incubation
from a closed system which initially contained & 1:20 dilution of
aromatic acclimated sludge and 50 ppm DOWTKERM A. ''.• .

;•-.. 3. Within 48 hours, a species of Pseudomonas isolated from
V — . . '

the Dow phenol return sludge Degraded all. of the DOWTHERM A in a
closed sy'stem which" initially contained 100 pptu DOWTHERM A. The
diphenyl oxide disappeared faster than diphanyl. - -

4, No significant loss of DOWTHERM A occurred in a system
containing Tittabawass ,<s r̂ 'ver water collected above the plant
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bacterial count, 1 x 10̂ /ml, in l . aid not change during
e incubation. - However, the type cf organism- changed suggesting"
iat DOWTHERty A selectively inhibxco certain bacteria. ."After. 5«

days of incubation, 20% of the diphenyl oxide and 35% diphenyl
t̂tre recovered froca a closed «yc*"?™ - _»*caining nonsterile bottom
•ediment obtained from the Titabawvssee River above the plant

••site and 50 ppm DOWTHERM A. The \ ^portion of the loss which
. * may have been caused by binding to the sediment-was not determined.
.-*:̂'..;'""".. v' '- . ".":-". .".- • ••••"•••"• '̂ Vi":- ' '••'• '• ..' '"'••.'• ' ' -,-.•.
,_ /a" '•" The information summarized &bove indicates that DOWTHETRM A
':,.is degradable and suggests the ability of ~a system to degrade-•=i."
'̂ .DOWTHERM A may be induced. PreliminaryVevidence suggests -that .* =?.*•; ,;-
?. a. naive" inoculum may take upr to a monthi'to''acclimate sufficiently ..
'~-:.-. : - - •- - •-"'•'• ••••-•••.-• IT ••:••':?>-"A >- -.- -.- - •*•:-.- • •-.,••.-.-•-.
'•to significantly degrade DOWTHERM A..... 2j"-Ih addition to degradation,
binding to components of soil; contributes to the; lor.s of DOWTHERM

;A from various systems. The steady state level-of. such binding^'--. .
not been determined. It was found, that a portion of the DOW-

' .' ' " . - • . " • • - ' • •"'.• ... •: " - - - X" "
A bound to soil can not be extracted" with" hexane. Whether

all of the DOWTHERM A bound to soil can be removed or whether it
.. is susceptible to bacterial attack is unknown. .'' .-.. 1 ," .. ."J . ,-""....

- . . . . . . • • " '*> ' •.. .•'; ." .r-r". -•*=" -,-••-.- -•'.-

Within 24 hours, DOWTHERM A disappeared from an open- aystern
containing either sterile or nonsterile water and 20 ppra DOWTHERM
A. Tnis suggests that DOWTHEPM A in an aqueous environment quickly
volatilizes. Therefore, it may be important to determine the UV
degradation of EOWTHERM A. ...

• . ' IV. RESULTS AND DISCUSSION •'. ' :. .' ...

It is impossible to obtain sufficient data to adequately
«ine the model described earlier for any agentl However, we

examine the movement or steady state distribution of a chemi-
cal between portions of the model. Foi example, the distribution
of the components of DOWTHERM A between water and air may be re-
-.---.-. > - - - AR100060
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•̂ /V'::4-- ••*"":-rtV '' ' ; "•"'•''̂ "̂'. Air - > Water".'*-'-̂ "•.:--' .- •̂ '•̂ r̂ .̂ 'rAit̂ v̂-'v-̂ V̂/
"•Si-. .••""V* ' - • - . " . - •'":•'. J-V >•:-.-<—————rr . . ••:•' ' - - - .V-'.A •̂'."•".*." ." :•••• '" 7 '.t •'«•"••••r— ;•.""-•••.••.•; •-•̂:.-i:;- :....;.~>v-r V- iV.v-.̂ ĉ̂ '-T'-.v̂ -.-:•.:• -
' -- The vapqr pressure of diphenyl and diphenyl-'oxide'is 9.75

*• ' •» . ^^ , • ™ ^ ., • * l !•'*••.'. - " ' » "

,10~, and 1.87(x 10 ncn Kg respectively. . Therefore the concentra^~
tion of these materials,' in air at saturation, can be calculated ""-'r
from the gas equation; n/V « P/RT.' If ri/V is expressed as moles/1,
P^ as mm Hg, and T as absolute degrees, R will be 62*:~' For diphenyl,:
the concentration in saturated air at 25°C will be 5.27 x 10"". . JrV....
moles/i or 0.081 pg/ral. For diphenyl oxide, the concentration . V"
will be 1.0 x 10 moles/1 or 0.172 ug/ml.
,. «'."•»' ' ^ —"' '* • *̂-.' • * f- *.*"-•'.'. .̂  '• • V'..'*1̂ . .̂ '..*-"•-•* "t̂  -̂  ' •" r". >:*-?'f ̂  -̂ T ' . ,,•.'
.--...-. .-•• • - . - . . - • - . - . •-.--• •-•:-"••• • ••• ;•,['• •'•.: • -rr-^-v. ••::-..

•̂ '..-~- "The concentrat.'on of diphenyl and.
. at-saturation- are "75Vand-^21 ug/Ril... . An--approximate./partition coe£-'.;'̂,
ficient for diphenyl" between water and^ =-a/iV"Accordinglyi is "75/0.08̂ 2

• '••-,: • • • - .-• --^-- - •-l*i.'/..-.̂i;'.:V̂  -.•.•--. .-v.r».-.v:--:\-:'.'̂ >3-.j<.-̂ .T.̂ /i-~.̂ :.... • "-.;• "i'v •• -4-̂ 5p3«r
. or 94O. -v in a- similar manner- a. value for.diphenyl-' oxide, is • calcu-•'-£

• ' - • • " - , « . * » , . . J*- .. • . * .^. . ' , „ -*_!•*-•
•l - •- '- -- • --V-- --. •-:• .--:•--vXV'l 2 •••-'c-»'.rV>-'•'' •:--"/'>~̂ "̂-- -'i'--••~>:V" '-.-.•--•/•••-•• "• -•.:•..-. .fr̂si'. Imted to be 122. Hamaker..-_~ has : recently-"made the: same ~»•»*•"» »«•«-«•**•_ . •**... •.. . _«-, - * •. - - , _ - • . • • • - . . • - . . - . . . . .
for a series of pesticides.-- DP. and DPO have" values similar-to
... . • . - . - . . « ; • . - - • • • - . . . -..—— •.«••• ••- -• . — " - - .',.;••.• ŝ _i • '••.;.. , -'— -' - . • ' -.
broraochloropropane and Eptam, respectively/ both, of • which have

• ' • ':••;-•• • '- ~—' -•• .-*?'••.*•-:?.:<>'?*••:•• S'-°-£ ~'~"~--'fz— 7--> - •- volatility properties./ 'I" ' • T-̂ -:*. ̂ .̂ i~'̂ '-'̂ r.UifA>V:-V---3,1'.i.*.i-1- ••' .f.. -.:«,•.:
.""»•' — * ' ', *f, ' -"'̂.•••̂  • • • — 4( ,•'» , *• • • ̂  • ' »t- •.* \

V" The Cv.lculaMons just presented suggest that DOWTHERM A will txi
quite readily lost from water• to" air,--^The rate of loss will be . •
increased by turbulence. This hypothesis -is substantiated by the'
finding that within 24 hours all'of the. DOWTHERM A disappeared / .,;'
from a water solution contained in an open- shake • flask . and by ,". .;

' - '":-'•'•.•"r'r' -'.,'"'•.. ' . . ' ' . *'
the finding of the Waste Control .Laboratory. " "/."• • • • " . • • . • .

Available data do not allow much .speculation about the distri-
bution of DOWTHERM A between soil and water. The"data do indicate.
that the partitioning of DOWTHEKM A between soil and water favors.;
distribution to the soil- Indeed, a portion of the DOWTHERM A may
be irreversibly bound to components in the soil.. .. . '

.- Using the available information/ the-effects that may be i
curred with a slow leakage of DOWTHERM A into a ri/er or a
spill of DOWTHERM A into a river may be* hypothesized. Assuming



25 Lbs/day DOWTHERM A enters a river with a flow rate of 300 cfs.
The concentration of DOWTHERM A would be 0.015 ppm, well below
the 96 hour no»effect level in fi-.-h. The concentration would be
even lower than this value because partitioning as discussed above
would occur. The rate of clearance froro the bottom mud will de-
pend on the microflora present. As previously indicated, the
metabolism of DOWTHERM A by microflora in the mud may be induced
by persistent exposure to DOWTHERM A. Currently, information con-
cerning the fate of DOWTHERM A lost to air is unknown. In con-
clusion, it is not likely that-.a", leak like that described would

• have marked untoward effects on,the life of the stream.

V-vtS'.v̂  Will DOWTHERM A bioconcentrate? • / As indicated in the data
section there are suggestions that DOWTHERM A concentrates in
fish;", however, the .reliabili ty^of .the .information is questionable .
Even .if DOWTHERM A is not metabolized, it would not be expected
to "biomagnify to the same degree as DDT And PCB. The partitioning
ata in Table III indicates that the probability of DOWTHERM A
accumulating in the fat of a particular species is much smaller
than the probability of DDT and PCB accumulating in fat. In addi-
tion to the partitioning factor," the ability oi DOWTHERM A to be
degraded is much higher than the other two materials. Both of these
characteristics will decrease the tendency of diphenyl and diphenyi
oxide to accumulate and" btr magnified in a food chain situation.

• .-/ ' . . TABLE III

--' Comparison of Partition Data of DOWTHERM A, PCB, and DDT

'"•-.' • Partition Coefficient Reference
•v • . . _ '

-. DDT .. V 1 x 106 ".J 13

•PCB '•;... " /_ •_. -i x: io6 . ..i *'.".'.". . 14
• '""'-4 i . . . •

Diphenyl }.'. • 1 x 10 . ' •->- : Det. by Anal. Lab
' • ' " •.' ; '' 4 • " •

Diphenyl Oxide 1 x 10 ." " " * Dot. by Aral. Lab

'•"•' ' AR'l 00062
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regard to a massive spill of DOWTHERM A a concentration
gradient running from lOO^i saturation to almost nothing would be

. tjuickly set up. Undoubtedly, aquatic lite exposed to concentra

tions above those listed in Table II would be killed or injured.
The rate of dissipation will depend on all of those factors pre-
viously mentioned, flow rate of water, partitioning, degradation,
etc.J, In such a situation there will be some death, but an irre-

. versible change in the ecosystem should not occur. This latter
, • statement is supported by Edwards. . He'claims there is good

indications that when aquatic organisms are-killed by a large local
'_.' ' application of., insecticides there'"-is -usually a rapid repopulation. •'.

"' U .-r '-ŝ.-'- IV / For the situation associated! with" a slow leak of DOKTKERM ~
.,• A-in the range of 25 Ibs/day into-a., stream with a minimam flow

2OO cu ft/sec there should be no adverse f: e- . en the eco
- . C-- - 2.- -Conditions that exceed these-1; "^itau^ons should be _exa-

-• rained carefully. " :;' '••:_--• ....'"_•" .-"A"-~ • ••
3. Accidental spills of any ma jor • cheraitral should not occur.

It is not only bad economics, it is bad ecologically. At best
• the plant sites should be diked in order that such a spill can be
contained and the material dissipated and degraded before allowing
it to enter the stream. If such an accident does occur we can only
speculate on the effect. If the ppill occurs on a major river with
a large flow of water the chances of any adverse effect are mini-
mized.

- 4. We recommend t'.at the predicted movement between air,
water, and soil be verified experimentally. Ttis becomes very
important as the use of DOWTHERM A incr -s. We estimate $7,000
for-the cost of such a study. •'-;.

5. The metabolic and accumulation pattern in aquatic spec-
should be investigated and compared with the PCBs. This type of
study would be best undertaken with labeled material. The accumu-

^ """ " '^~ " ARI00063
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cost for an accumulation study is $10,000-12,000.. .:•"• x':••"".'-.'• "T " .

-" ".-.- 6. In vrew of the tendency of this material to enter the
ir environment a study should be initiated to ir\jstigate the
rate of degradation by ultra viclet light.- • - • - , : .

7. For the case of a shock load,-we will work out the
n^thematics to characterize the profile of the wave of concentra-
tion as it goes down the stream under different initial conditions.
This should give us .-some idea of whac shock loads different streams
can stand without *h adverse effect on •the..ecosystem. .' ' 1.""'-'-"I;.

•-.ii •-.•';/ B.--: Any research'or other plans; to" produce".'a --derivative -of;.:_ :
"these compounds which""is more stable'chemically" should -be-exa- ;\,':̂'
mined with a jaundiced; eye as it "wij.1'-'surely lead "tio much greater -
environmental piroblems.V'-:----:; •->''.-:~-". " - 'p̂ ^̂ -̂ ^̂ -̂̂ ^̂ '̂ ''-̂ :-̂  - •'•-"•,'" '"":'.- ,
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